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Supplementary Note
We also analyze SNPs on chromosome 19. A total of 503 SNPs located on chromosome 19 with call rate > 95%, minor allele frequency > 5% and in Hardy-Weinberg equilibrium in the control group is included in the analysis. At each SNP, heterozygote and variant homozygote are grouped together. In the analysis, each SNP takes turn to be the X, and the remaining SNPs, the Zs. (The number of auxiliary variables is 502, for each and every one of the total 503 SNPs.) The P-value of the MPT for each SNP is obtained from 500,000 rounds of permutation. For multiple testing correction, the false discovery rate (FDR) is controlled at 0.05 using the q-values (QVALUE software) 13 . The MPT detects two significant SNPs with q-value = 0.023 (rs862703 and rs302437) (Supplementary Table S4 ).
The two significant SNPs also show fixations of P-values of the MPT (Supplementary Fig.   S5 ) and significantly stand out in the Manhattan plot ( Supplementary Fig. S6 ).
The two significant SNPs (rs862703 and rs302437) map to chromosome 19q13.4. The first SNP, rs862703, is located in the intron region (next to the exon region) of ZNF304 gene (zinc finger protein 304), and the second, rs302437, the intron region of NLRP4 gene (nucleotide-binding domain and leucine-rich repeat containing family pyrin 4). A previous study showed that the expression of ZNF304 gene was associated with interferon (IFN-) and cytokines (IL-4 and IL-10) expressions and might be involved in the regulation of 3 lymphocyte activation 31 . As regards NLRP4 gene, it is a member of Nod-like receptor family belonging to inflammasome, which is a multi-protein platform to activate an inflammatory cascade 32, 33 . NLRP4 gene has been reported as a negative regulator in the process of type I interferon signaling 34 and autophagy 35 . Furthermore, an increasing number of evidence support that inflammation, immune system and autophagy contribute to the pathogenesis of age-related macular degeneration 19, 20, 32, 33, 36 . For example, recent studies postulated that NLRP3, in the same family of NLRP4, may be a sensor for drusen-induced inflammasomes in age-related macular degeneration 32, 33, 37 . All these findings suggest that ZNF304 and NLRP4 genes may play important roles in the molecular mechanisms of age-related macular degeneration.
4 Supplementary Tables and Figures   Supplementary Table S1 . Cell counts of a case-control study (X: a factor of interest; Z: an auxiliary variable). Figure S1 . Empirical powers of MPT with panels of independent and dependent auxiliary variables (•: empirical power for independent auxiliary variables; ▲:
empirical power for mildly dependent auxiliary variables; : empirical power for strongly dependent auxiliary variables).
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Supplementary Figure S2 . The Manhattan plot of 6639 SNPs on chromosome 1 for age-related macular degeneration data. The P-value for each SNP with 6638 auxiliary variables is obtained from 500,000 rounds of permutation (the same as Table 1 
